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Summary 

Tester, M., Paton, &.C., Reo N. & Lanor, RT. (1987) Seed dispeesal hy birds nnd densitics at shrubs 
under trees in afid South Australia. Trams. &. Sac. 8. Aust. 114(1},1-5, 29 May, 1987, 

The frequencies of nine species af shrub under Acacia papyrocarpa trees, under Myoporam plutycurpam 
trees and in the spaces between trees wete measured in 4 South Australian arid zone woodland, All nine 
species were at least as common under the Lrees as they were in the open, wrd five species had significantly 
higher frequencies utider the trees. Three species with higher frequencies under trees, Chenopodium 
gondichaudianum, Euchylaena tomentosa and Rhagodia spinescens, produce fleshy fruits that are consumed 
by birds. Their seeds would tend to be disseminated under trees in-which the birds perch. Enckv/aena 
tomentosa was equally abundant under both three species, hut R_ spiriescens and C. gaudichaudianure 
were more abundant under 4. papyrocarpa than under M, plutycarpum. Traps set under the canopies of 
the two tree species collected similar though highly variable numbers of seeds. This suggests that rates 
of seed germination or seedling survival for XR. spinescens and C. gaydichaudianum are higher under A, 
papyrocarpa than M. piatycarpum. The distribution of these two shrubs cannot be explained solely by 
the pattern of seed dispersal by birds, For Enchwaena tomentasa, seed dispersal by birds may provide an 
adequate cxplanation tor its distribution. 

Koy Worps: Chenopodiaceae, seed dispersal, plane distribution, birds, fleshy frnits. 

Introduction 

In the Australian arid zone, a variety of shrubs 
("berry chenopods") and small trees (Acacic, 
Exocarpus, Heterodendrum) produce brightly- 
coloured fleshy fruits or arils that are consumed by 
binds (Davidson & Morton 1984; Forde 1986), Many 
of the shrubs (e.g. RAagodlia spinescens, Enchylaena 
(tomentosa and Chenopodium gaudichaudianurn) 
are found at higher frequencies underneath trees 
and large shrubs than in the open (c.g. Barker 
19723), Two hypotheses have been proposed to 

account for this. First, the clumped distribution 
reflects the pattern of dissemination by birds, the 
hirds defaecating seeds while perched in trees (e.g. 
Osborn et al. 1935; Leigh & Mulham 1965; Forde 
1986). Alternatively, or in addition, Barkei (1973)? 
suggested that the clumping was due to mote 
favourable growing conditions beneath {ree 
canopies, To distinguish between these rwo 
hypotheses requires measuring the seed rain bencath 
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and between Gee canopies, and determining rares 
of germination and seedling establishment in the 
different microenvironments. 

In this paper, we (1) document the distribution 
of several species of shrubs in relation to: tree 
canopies on Middleback Station, 27 km north-west 
ol9 Whyalla; and (2) report the use of a <seed trap= 
to measure the sedd rain. beneath trees due to birds 
and discuss the data so derived. 

Materials and Methods 

Study site 

The study site was in the south-western corner 
of Overland Paddock, Middleback Sration 
(32°57'S, 137°24'E) in an arca of open woodland 
which is moderately grazed by sheep. Two tree 
species predominated: Myoporum platycarpun 
R.Br. which grows to 10 m and has a thin elevated 
canopy: and Acaciu pupyrocarpa Benth, which bas 
a dense low spreading canopy. The two Irees. were 
infected by mistletoes: Af, plaiycarpum by Lysiene 
exocurpi (Behr) Tiegh, and A. papyrocarpa by 
Amyena quandang (Lindl). Teigh. The understorey 
was dominated by the chenopods, Maireana 
sedifolia (F Muell.) P. G. Wilson, Atriplex vesicaria 
Heward ex Benth., Malreana prramidata (Benth.) 
P. G. Wilson and Rhagodia ulicina (Gand,) P. G. 
Wilson, Four species of small shrubs (Rhageadia 
Spinescens var, spinescens F.Muell., Chenopodium 
gaudichuudienum (Mog.) BP. G. Wilson, Enevimerne 
tomentosa R,Br., Lycium australe F.Muell.), the nwa 
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Tistletaes and two small trees of large shrubs, 
Exocarpus aphyllus R.Br, and Meterodendrum 
vleaejolium Desf, produced fruits that were 
consumed by birds in the area (Reid 19844; Forde 
LYR6). 

Distribution of stitubs 

Distribution of shrubs in three zones; under the 
canopies of M, platycarpum, under the canopies 
of A. papyrecerpa, and in the spaces between the 
trees and large shrubs was measured, Interspaces 
were at least 2m from the canopy of any tree or 
large Shrub. Two hundred 0.5 m0.5 m quadrars 
were placed haphazardly in cach zone, and the 

presence of a shrub species in each quadrat was 
seored if any part of its canopy occurred in the 
quadrat, The diameters of the canopies of 30 
individuals of each shrub spevics in each zone was 
Measured by measuring the width across the plant 
along two axes (north-south and cust-west). Since 
the mean canopy diameter of a particular shrub 

Species was the same under the two tree Species as 
well as in interspaces, Incidence in quadrats provides 
2 measuee of the relative density of a plant species 
in ¬ach of the three zones. However, the canopies 
of ihe different shrub species were not the same 
diameter (Table 1), so the relative densities of the 
different species cannot be deterniined from the 
quadrat frequencies, 

+ Reid, N. (1984) <The Role of Birds in the Reproduction 
of an Arid Zone Popiilation ofGrey Mistletae 4 myena 
quandang (Loranthaceae),= Ph.D. thesis. University of 
Adelaide, Adelaide. Unpubt, 

Trapping for bird droppings 

Twenty-two traps to collect bird droppings were 
deployed in March 1984. Traps were made by tying 
1.2145 m sheets of terylene voile (mesh 0.8x 
().3 mm) Lo steel stakes to form a catching area of 
1.0%1.5 m that stood 90 cm above the ground (e.g. 
see Sorensen 1981). This was the largest size of trap 
that could be conveniently erected under the 
canopies of the trees. A stone was placéd ti the 
centre of the catching arca tu prevent spillage of 
seeds by strong winds, liqual numbers of traps were 
Placed beneath canopies of mature M. platycarpunt 
and mature 4. papyrocarpa. All of these trees were 
infected with varjable amounts of mistletoes. Traps 
were inspected and cmptied of seeds at Iwo 
4-monthly intervals. The seeds were identified using 
a4 reference collection of seeds compiled in the area. 
Many of the traps were damaged 4 to § months after 
deployment and observations ceased after 8 months. 

Results 

Distribution of shrubyspecies in Overland Paddock 

Nine species of shrubs were detected in the six 
hundred 0.5.0.5 m quadrats. OF these, five species 
occurred significantly more frequently under ihe 
canopies of either Acacia papyrocarpa ar Myo- 
porum platyearpum than in the interspaces between 
the trees and large shrubs (Table 1). Of these, three 
species produced fleshy fruits that were dispersed 
by birds (Chenopodium gaudichaudianum, 
Enchylaena tomentosa and Rhagodia spinescens), 
while the other two species (C. desertorum and 

Tanve L. Frequency of accurrence of shrubs in 200 eae (0.5 *0.5 m) in each of three zones in Overlunad Paddoce, 
Mareh 1984. 

4_ i 
Frequency in 200 quadrats 

Meun canopy" heneath beneath in x 
Shrub species area (m>) A, pupyrocarpa = M. plalycarpnim interspace valine 

Atriplex vesicaria 40 38 74 44 14.3 *4* 
Chenopadium desertor yim os 12 10 2 6.0 * 
C. paudiéhaudianum OAT Sl 15 () 60.9 
Enehylagna tomentosa9 ad 32 34 7 18. *** 
Lycium australe9 49 7 a 13 2,2 NS 
Maireana pyranudata 4 i i 1] Q.0 NS 
M. sedifolte 42 42 4 LIONS 
Rhegodia spinescens* 4 4] 22 0 40.) 44 
R. ulicinea 4 23 2 18 4.1 NS A ee 
* Canopy areas calculated from diameters of 60 or 90 individuals dependiag on sumber of zones in which plant species 
occurred, Standard errors were Jess than 30% of the mean and there were no significant differences in the canupy 
area OF it shcub species in different zones (ANOVAs, P=0,05), so dali for the different zones were pooled, 
he oo tia (2 ef) tests the null hypothesis that shrub species were evenly distributed across Ure three zones: 

"(1,05 
F* P< 

ete P(N 

NS not significant 
<Shrubs that produce flashy fraits consumed by birds, 
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Airiplex vesicaria) had wind or ant-dispersed seeds. 
Enchylaena tomentosa and C. deserrorum were 
equally frequent under both canopies, but 4, 
yesicarid was encountered most frequently under 
Mf. platycarpum, and C, gaudichaudianuen and R. 
spinescens were encountered most frequently under 
Acacia papyrocarpa. 

Four species of shrub showed no significant 
clumping under the canopies cf trees (x7 tests, 
p>0.05). Of these, the Malreana species and R. 
witcina have wind or ant-dispersed seeds but Lrefuen 
rustrale produces fleshy fruits that are dispersed by 
birds and perhaps reptiles. 

Seed rain detected by traps 

Table 2 lists the quantity of seeds collected in the 
traps'set under the canopies of Acacta papyrocurpa 
and M. platycarpum during two time periods, The 
numbers of seeds deposited per tap was highly 
varlable, with variances often exceeding the means, 
There was no significant difference in the tatal 
numbers of sceds deposited under A. papyrocarpa 
and M, platycarpum (rank-sum tests, p>0,05), 
More seeds were caught during the period July- 
November than between March-July (rank-sum test, 
p<0,002), In general, the number and species of 
seeds being deposited during each period reflected 
the fruiting seasons of the plants, Chenopodium 
gavdichaudianum, Enchylaena tomentosa and 
Exocarpus aphyllus tryited mainly during winter 
and early spring, while Heterodendrum olesefoline 
and Lyciven australe fruited mainly in aeumn, 
Rhegodia spinescens fruited mainly during summer, 
but like Enchylaena tormentosa and Exocarpus 
aphyllus, produced small quantities of fruit 
thronghout most of the year: 
Many of the traps also collected seeds of misthe 

toes, These data are not presented since mistletoe 
seeds must be deposited on the branches of host 
(recs fo be effectively disseminated, The seeds 
collected in the traps therefore represented 
ineffective dispersal. 

Discussion 

The purpose of this study was to measure the 
distribution of shrubs, particularly the fleshy-fruited 
chenopods, in telation to tree cover, and to 
delermine the usefulness of traps in measuring seed 
rains, Prior to this study, staremenrs. that fleshy- 
fruited shrubs were clumped under trees were based 
largely on qualitative observations (e.g, Osborn et 
al. 1935; Leigh & Mulhaim 1965; Forde 1986). Our 
quadrat data show that three feshy-fruited shrubs 
were found mainly under trees, and that the extent 
of this clumping varied from species to species. 
Rhagodia spinescens and Chenopodium 
gaudichaudianum were almost exclusively found 
under tree canopies, but more frequently under 
Acacia papyrocarpa than under Myoporurn 
Platvearpum, Enchyluena tomentosa was foulid 
with equal frequency under both tree species and 
occasionally in interspaces, while Lyeium australe 
was cqually abundant under trees and in interspaces 
(Table. 1). However, clumping beneath trees. was n0t 
restricted (© bird-dispersed 8species. Among the 
shrubs dispersed by wind or ants, A/riplex vesicoria 
was more Common beneath M. plalycarpurn than 
Acacia papyrocarpa or in interspaces, and C. 
deseriorum was significantly more common under 
both trees than in the interspaces. Higher densities 
of shrubs under trees could occur because (1) more 
seeds are dispersed beneath trees and/or (2) 
germination rates and seedling establishment are 

Tani e 2, Nuenbers of seeds deposited by birds in traps set under Myoporum platycarpum and wider Acacia papyro- 
carpa in Overland Paddock under two time periods in !984- 

Species of shrub 

raps set under M, platvcarpuni 
Chenopodium gaudichaudianum 
Envhyluena lomentose 
Exacarpos aphyltus 
Heterodendrum oleaefolium 
<Lbevaen australe 
Rhugodia spinescens 
Total 

Traps set under 4, papyrocurpu 
Chenopodium goudichaudianum 
Eachyluena tomentosa 
Exocarpus aphyllus 
Mererodendrum oledefalijint 
Lycium australe 
Rhagudta spigesceny 
Total 

Mean number of séeds per trap+S.E- 

March-Jily Jyly-November 

n=11 t+ 
0.5 40.2 48+ 33 
2.34 2.0 (O84 3.5 
3.7 +31 23.5+10.9 
3.271.4 ad: a0 
D.4+0,2 101 0.0 
1bL0,7 02+ OO 

12.99 7,2 39,04 7.) 

i-4l n=8 
&.040.0 a+ 04 
14+60.7 §R+ 97 
5.84138 2aAt 92 
L.740.8 06+ 0.5 
0,2=02 O04 0,0 
0.4404 blz i 
9.5444 36.2+14.2 
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higher under (revs than in the open (c.g. Barker 
19723) Forde 1986). These Iwo eaplanations are 
sequential and wot mutually exclusive, Both are 
prubably important in determining the distribudions 
of various fleshy-fruited planre in Overland 
Paddock. The first thing ro demonstrate, however, 
is Whether birds disperse seeds mainly to sites under 
Irets. 

On Middieback Station, Meshy-lruited shrubs 
have their seeds dispersed largely hy birds anil most 
bf the seeds appear to land under trees. Although 
our [raps Were not deployed ta denionsirate thal 
more seeds were deposiced underteees than in the 
open, other observations enable such a conclusion. 
Ju Overland Paddock, two species.al honeveater 
are largely responsible for the dispersal of seeds by 
bitds, the Spiny-cheeked (Acunthugenys rufo- 
gutoris) and Singing (/ichenoastamns virescens) 
Honeycaters (Reid unpubl.). These honeyeaters 
oiainly feed on the nevtar and fruit of mistletoes, 

supplementing these foods with insects and fruits 
of other shrubs (Reid 1984}. More than 90% ol 
their facces are discharged while the birds are 
perched more than a metre above the ground in 
trees or tall shrubs (Reid unpubl.). Consequently 
bird-disseminaled seeds should be concentrated 
under the canopies of trees. 

8The traps that we deployed under the trees were 
successful in collecting seeds, and the quantities 
collected {10-30 seeds/m*/4 months; Table 2) are 
consasient with eslimates of the mimbers of seeds 
(hal should have been voided by birds. Assuming 
that chere were 1.2 hotecyeaters/ha, that these 
joneyeaters consumed 8O-L6C seeds from fleshy- 
fruited shrubs per day, that the birds largely 
disseminatet these seeds under (he canopies of trees 
und that the tree cover was 10%, then in 4 manths 
approximately 10-20 sceds/m* should have been 
voided by birds under trees (Reid 1984", in prep.), 

The numbers of seeds collected by individual 
taps were highly variable. 8Two potential sources 
of variation probably account for this; variation 
in the ise oF trees or parts of trees by birds, and 
variation in faceal composition, Certain irees or 
paris ol trees may be used more extensively by hirds 
because of their location, architecture or the 
amount of food associated with them, Trees 
centrally-locwted in a bird's territory or near the 
bird's nest may be used more [requently (e.g. 
Qrians & Pearson 1979), The densily of the foliage 
or height of a lree may provide birds with better 
pPrifection Fram exposure or predators, or better 
varrtage points for detecting predators or intruders, 
and so trees with these attributes may be used mare 
Irequemily, The trees in the study area also differed 
1 The NUMbers af Mistleines (hey supported (Rei 

19849) and probably also in the quantities of fleshy 
(fruits provided by the shrubs heneath them, Birds 
should spend more time in trees where the food 
supply is greatest (e.g. Charnoy L976; Pyke e/ af. 
L977). The second major source of variatien 
concerns the fagces of the birds, A single faecal 
dropping may contain 0 to 20 seeds, and much of 
the variation belween traps may be due to varia- 
tions in the numbers of seeds in a faecal dropping 
rather than variations in the use of trees by birds. 
We counted the total number of seeds in the traps, 
not the number of Facces. Future studies may wish 
to control for these variations, or at least accent 
for them by recording the architectural features, 
the locations, arid associated food supplies of the 
trees under which the traps were placed, Use of 
several traps under the same tree also would allow 

within-tree Variation in bird use to be measured, 
The size and design of the traps seems appro- 

priate for measuring seed rains under trees in the 
arid zone. Traps, however, would need to be set 
closer to Lhe ground and under shrubs if seed rains 
were to be measured in the interspaces becween 
trees, because the honcycaters only defaecate while 
perched (Reid 19844), The size of the traps 
(1.5 x 1.0 m) also seems appropriate since larger 
traps would have been tuo awkward to erect under 
trees and the size was such that there was a 
reasonable chance thal a trap would collect at least 
some seeds, Traps failed to collect sceds on only 
SIX Occasions out of 34 four-month exposures. 
Based on our experience, we wauld recommend 
clearing traps of their seeds every two months, and 
using @ stronger mesh for ihe catching material. 
This would reduce the loss of farcul material duc 
to the cutching material deteriovating with (inie. We 
found that terylene voile deteriorated after about 
four months, particularly under Mlyoporum 
plarvearpum where Lhe raps were exposed tn mare 
sunlip tit 

Given (hal most of the seeds are dispersed to sites 
uncer trees we would expect bird-dispersed plants 
to be most abundant under trees in the arid vone. 
[it gesteral this is die case, bul lhere ate exceptions. 
Lyeiunt ausirafe was equally abundant under trees 
and in interspaces, and the low clonal tree, Hevero- 
dendrum olewefuliam, often occurs away from 
other trees. These species reproduce extensively by 
rool suckers and are apparently Iong-lived relative 
io the trees (Purdie 19695; DB. E, Symon pers. 
comm.). Lith: is known about their seedling 
recrulfment (cf. suckering), since seedlings are 
tarely Seen: no seedlings of A; vleaefolium have 

3 Purdie, R. (1969) <The Population Steucture of 
Seleered Arid Zone Tree Species=. B.S. (Mutts) (hesis. 
Univ, of Adelaide. Unpubl. 
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been detected on Middleback Station over the last 
20 years (Lange unpubl.). Seedlings of these spocies 
may only establish under trees, but once esta- 
blished, may produce suckers to exploit interspaces 
between trees where competitive interactions with 
the established trees presumably are reduced, The 
present distribulicn of these plants, then, may oot 
reflect the sites where scedlings established, and the 
relatively high densities of these plants away from 
trees is not. necessarily inconsistent with most of 
the seeds being deposited under trees. In addition, 
Lyeivm australe produces fruit close to the ground 
and lizards may therefore consume and disperse 
some Lyeium secds to interspaces. 

The best evidence thal factors other than seed 
dissemination by birds are also involved in the 
eventual pattern of distribuuon in these Fleshy- 
ruited plants comes from comparing the distri- 
butions of the three berry chenopods, Rhagedia 
spinescens, Chenopodium eaudichaudianum and 
Enchylaena tomenresa. These three species are 
almost exclusively bird-dispersed, and similar 

quantities of seeds were deposited under 4. papyro- 
carpe and M. platyearpunt (Table 2), The density 
of Enchylaena tomentosa under thetwo tree species 
was similar, and so the pattern of seed dispersal 
by birds may provide an adequate explanation for 
its distribution. However, both RX. spinescens and 
C. gaudichaudianur had higher densities under A. 
papyrocarpa than M, platyearpum. Factors besides 
dispersal by birds are needed to explain ukis. The 
most likely explanations involve the climatic or 
edaphic differences encountered beneath trees, 
coupled with differences in the regeneration niche 
of the shrubs. Acecia papyrocarpa and M_ platy- 
cerpunt differ in architecture (branching patiern 
ef.) and hence in the amount of shade they provide 
a germinating seed or scedling. The canopy of A. 
pepyrocarpu is relatively dense and provides 

shade and w thick cover of litter. Myoporam 
Platyearpum has a tigh thin canopy, so plants 
beneath il are subject to conditions of more severe 

water stress (Barker 1972+). Other factors such as 
increased 8nutrient cycling under A. papyrocarpa 
(Correll 19675} of increased grazing pressure under 
M. platycarpum could also be involved. Similar 
sorts of factors wauld account for the fact. that 
Afriplex vesicaria and possibly Rhagodia ulieina 
were more abundant under Mf. platyearpum than 
A, pap procarpa, Careful field experiments will be 
required to determine the factors (edaphic, climatic, 
biotic) that are important for the germination and 
seedling establishment of each species. These 
experiments should involve transplanting seeds or 
seedlings between the canopies of differcnt tree 
species as well as info the interspaces. Only after 
these experiments have been performed will we 
have Ihe necessary evidertee to state the relative 
vontributions of bird dissemination of seeds and 
environmental factors in devermining the distri- 
bution of Fleshy-Pruited shrubs in the arid zone. 
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A PROPOSED REFERENCE SECTION FOR THE TORTACHILLA 
LIMESTONE 

BY A. S. BEECROST*, J. H. CANN? & C. STOCKSIEKE 

Summary 

Roadside outcrops of sedimentary rocks near Port Noarlunga, South Australia, are identified as Late 

Eocene stratigraphic units of the Noarlunga Embayment within St Vincent Basin. Fossil planktonic 

and benthic foraminifera from these rocks compare favourably with stratotype Tortachilla 

Limestone and the Tuketja Member of Blanche Point Formation. An exposure of highly 

fossiliferous, glauconitic calcarenite, bounded below by the South Maslin Sand Member of Maslin 

Sands, and above by the Tuketja Member of Blanche Point Formation, is proposed as a reference 

section for Tortachilla Limestone. 

KEY WORDS: Eocene, foraminifera, Noarlunga Embayment, St Vincent Basin, Tortachilla 

Limestone. 


